ABSTRACT The soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), is native to Asia and was recently (2000) detected in North America. Since then, it has become a signiÞcant threat to U.S. soybean production. Although neonicotinoid insecticide seed treatments, imidacloprid and thiamethoxam, have been suggested as a method of control, the season-long efÞcacy is still uncertain. Therefore, the use of imidacloprid and thiamethoxam seed treatments to control soybean aphid in Nebraska were examined. Soybean aphid populations were monitored weekly in an irrigated Þeld study planted during the later half of the typical 
Since its detection in North America in 2000, the soybean aphid, Aphis glycines (Matsumura) (Hemiptera: Aphididae) has spread rapidly and can be found from Ontario to northern Mississippi and Virginia to Nebraska. Soybean aphid can be found in 21 U.S. states and three Canadian provinces, affecting up to 80% of U.S. soybean, Glycine max (L.) Merr., production .
The soybean aphid is a heterocious holocyclic species, alternating hosts and undergoing sexual and asexual reproduction during part of its life cycle . In much of the current soybean aphid range, the insects migrate from common buckthorn, Rhamnus cathartica (Rhamnales: Rhamnaceae), the primary overwintering host, to soybean during the spring or early summer, where they can rapidly reach high population densities under optimal conditions. In Michigan, population densities of up to 13,000 aphids per plant have been recorded (DiFonzo and Hines 2002) , which is well above the economic threshold of 273 aphids per plant (Ragsdale et al. 2007 ). In Nebraska, however, most soybean aphid infestations are believed to be the result of the summer migrations from northern and eastern infested Þelds, and aphid colonies typically begin to be observed later in the season (mid-to late July), with population buildup occurring primarily in late July through August (Hunt 2004) . Small colonies are Þrst observed on the undersides of the topmost soybean leaves. Soybean aphid pressure is highest in northeast Nebraska, where most economic injury is observed. As a result of differences in seasonal infestation patterns and temperatures during population buildup, soybean aphid pressure above the economic threshold is more variable in Nebraska than in states and provinces to the north and east.
Although soybean aphid has many native natural enemies in North America, in Nebraska, Orius insidiosus (Say) seems to be the most important soybean aphid natural enemy (Brosius et al. 2007 ). However, soybean aphid populations are not reliably suppressed by natural enemies, resulting in outbreaks and significant yield losses in soybean production (Ostlie 2001 , Myers et al. 2005b ). In addition to yield reduction, soybean aphid also can cause indirect effects by transmitting diseases (Clark and Perry 2002, Burrows et al. 2005) , promoting sooty mold growth (Hirano et al. 1996) , reducing chlorophyll content (Diaz-Montano et al. 2007 ) and impairing photosynthesis (Macedo et al. 2003) . Therefore, there is a need to develop soybean aphid management tools and strategies that do not solely rely on native natural enemies. Different control methods that have been studied include natural enemy importation from its native habitat in Asia (Heimpel et al. 2004 ), use of resistant varieties (Li et al. 2004 , Mensah et al. 2005 , Hesler and Dashiell 2007 , and foliar insecticide application (Myers et al. 2005a) .
Currently, soybean farmers rely primarily on chemical control. A single foliar application of -cyhalothrin or chlorpyrifos during early soybean reproductive stages (R2 to R3) has been demonstrated to signiÞ-cantly reduce yield loss (Myers et al. 2005a) . The current extension recommendation to soybean farmers is to scout Þelds and only apply foliar insecticides when the economic threshold is reached (250 aphids per plant) and soybean aphid populations are increasing (Ragsdale et al. 2007 ), which may occur at various plant stages depending on the location. Systemic insecticides applied as seed treatments may offer increased selectivity over foliar applied insecticides (Krauter et al. 2001 , Albajes et al. 2003 and provide long-term plant protection (Nault et al. 2004) . In soybean, neonicotinoid seed treatments have been used to control early season bean leaf beetles (Cerotoma trifurcata Forster) that vector bean mosaic virus (BMV) (Bradshaw et al. 2003) ; however, they may not impact soybean aphid populations (Johnson et al. 2008) . The insecticide class also is highly effective for control of various piercing-sucking insects, such as soybean aphid (MaienÞsch et al. 2001a , Castle et al. 2005 , Tomizawa and Casida 2005 . Neonicotinoid insecticide seed treatments are increasingly being used in the north central United States, including Nebraska, for management of bean leaf beetle in soybean, and they also have been suggested as a possible control method for this new soybean pest.
Neonicotinoids are a new insecticide class that act as agonists at the postsynaptic acetylcholine receptor and are generally used as systemic insecticides (Tomizawa and Casida 2003) . McCornack and Ragsdale (2006) conducted an efÞcacy trial for thiamethoxamtreated seeds against soybean aphid, indicating that thiamethoxam is effective during the early vegetative stages (49 d after planting), signiÞcantly reduces cumulative aphid-days, and aphid mortality was higher in older leaves; however, in only 1 of 4 yr did the thiamethoxam seed treatment protect soybean yield. In Iowa, thiamethoxam seed treatments, targeting bean leaf beetles, did not signiÞcantly effect aphid population growth or protect yield (Johnson et al. 2008) . Although neonicotinoid-treated seeds were evaluated as a control method for soybean aphid in Minnesota and indirectly in Iowa, such treatments should be evaluated for the environment and seasonal relationship between the crop and pest for a particular region. The objective of the current study was to investigate imidacloprid and thiamethoxam seed treatments for managing soybean aphid in Nebraska.
Materials and Methods
Field Site and Experimental Design. Research plots were located at the University of Nebraska Northeast Research and Extension Center Haskell Agricultural Laboratory (Concord, NE). In 2005, the soil type was an Alcester silt loam with 2Ð 6% slope, and in 2006 the soil was a Maskell loam with 2Ð 6% slope. The organic matter was 3Ð 4% in both soils. The plots were located in soybean Þelds under a 2-yr corn (Zea mays L.)Ð soybean rotation. Irrigation was applied as is common in Nebraska soybean production. Nearly 48% of NebraskaÕs soybean are irrigated (USDA 2007) , and no signiÞcant effects have been observed in soybean aphid population dynamics between irrigated and rain-fed soybean in northeastern Nebraska (Svehla 2007 A. glycines Population Estimation and Soybean Yield. Soybean aphids were sampled weekly from before they appeared (late June) until populations collapsed (early September). In 2005, due to very low natural aphid numbers, the plots were artiÞcially infested on 29 July and 11 August by placing aphid infested leaßets (Ϸ5Ð10 aphids/leaßet) from a nearby Þeld on the top leaßet of a soybean plant every 30 cm in the two middle rows. The vegetative and reproductive stages of the soybean plants also were recorded for each sampling date. Aphids were counted by destructive whole-plant counts, where at least six plants per plot per sample date were randomly selected, removed from the ground, and checked for aphids. Plants were sampled in the two middle rows and at least 2 m away from the plot borders.
Plant samples, 10 neighboring plants per plot, also were taken right before harvest to measure possible differences of speciÞc yield components and seed quality. Parameters analyzed were number of pods, number of seeds per pod, dry stem weight, individual seed weight, and protein content. Seed weight was calculated by counting the number of seeds (using an automatic seed counter) in a 350-ml cup; weighing each cup, and then converted to seeds per gram. Seed moisture was the same across the different treatments, 13%.
Insecticide Metabolization in Soybean Plant. The same variety used for the 2006 season, Syngenta S23-Z3, was used for this experiment. This experiment included four replicates of three treatments: 1) imidacloprid-treated seed; 2) thiamethoxam-treated seeds; and 3) an untreated control. Seed treatments used the same rates previously described. Three seeds were planted in 15-cm-diameter by 17-cm-deep pots in a soil mix containing sand/soil/peat/perlite in a 2:1:3:3 ratio. After germination, the seedlings were thinned to one plant per pot to reduce competition. Plants were watered daily and fertilized weekly with a soluble fertilizer (20NÐ10PÐ20K). Plants were grown in greenhouses at 25 Ϯ 7ЊC under 400-Watt highintensity discharge lamps with a photoperiod of 16:8 (L:D) h. Vegetative stages were recorded daily.
Two sets of bioassays were performed: one set on newly emerged leaves and one set on 3-wk-old leaves. For each bioassay, a leaf was randomly selected from a speciÞc node during a speciÞc vegetative stage from each treatment, excised, and transferred to the laboratory to perform bioassays. Only even nodes were used. Nodes 2 (V3), 4 (V5), 6 (V7), 8 (V9), and 10 (V11) were used for the newly emerged leaf experiment, and nodes 2 (V9), 4 (V12), and 6 (V13) were used for the 3-wk-old leaf experiment. Once the leaf was excised, the plant was discarded, and another leaf was taken from a new, nonexcised plant. Leaves were placed in opaque, plastic trays (C-D International, Pitman, NJ) containing eight square cells (10 cm in width by 8 cm in depth). In each cell there was a rounded glass tube (1 cm in diameter by 5 cm in depth) attached to the tray with adhesive tape. Five milliliters of water was dispensed into the tube, which allowed the leaf to survive for more than a week. The leaves were kept aphid-free overnight (Ϸ12 h) to allow the recovery of leaf turgidity.
Soybean Aphid Population Growth. After leaf recovery, 25 soybean aphids were carefully transferred to the leaves using a Þne camelÕs-hair paintbrush. To avoid aphid escapes, each cell was sealed with a porous transparent plastic lid (C-D International). After 1 wk, the number of dead and living aphids was recorded. Aphids were considered dead when unable to move with probing or when they had changed color to brown or bright red. The trays were held in a growth chamber at 25ЊC, 75 Ϯ 5% RH, and a photoperiod of 16:8 (L:D) h. The aphids were obtained from a soybean aphid laboratory colony initiated in July 2005 from soybean aphids collected from infested Þelds near the University of Nebraska Northeast Research and Extension Center Haskell Agricultural Laboratory (Concord, NE). The same procedure was repeated again three wk later with the leaves from the nodes and plant vegetative stages mentioned above to evaluate possible insecticide degradation in the plant.
Spatial and Temporal Quantification of Insecticide Levels in Leaves. Leaves from speciÞc nodes were randomly collected from Þeld plots throughout soybean development to quantify imidacloprid and thiamethoxam concentrations by node and soybean vegetative stage. Collected leaves were kept on ice in the Þeld and later transferred to and stored at Ϫ20ЊC until further analysis.
Because of the extremely low levels of insecticide in the leaves, leaves from the same nodes, same collection day were pooled to concentrate the insecticides for the following analysis. Chilled leaves were frozen in liquid nitrogen and ground with a ball grinder for two min. Ground tissue (10 g) was transferred to 50-ml tubes (VWR International, San Diego, CA) and 200 l (200 ng/ml) of terbutylazine (Sigma-Aldrich, Milwaukee, WI) was added as a surrogate. Acetonitrile (35 ml) (Sigma-Aldrich) was then added to the leaves and left overnight (Ϸ14 h) at 4ЊC to extract the insecticides.
After the extraction, samples were shaken for 30 min by using a wrist-action shaker and centrifuged for 20 min at 3,500 rpm. A 10-ml aliquot of the supernatant was mixed with 100 ml of double-distilled water and passed through a solid phase extraction (SPE) cartridge (Waters Oasis HLB 6 cc, 200 mg, product no. WAT106202) (Waters, Milford, MA) connected to a vacuum manifold. The SPE cartridge was prepared previously by sequential washing with 5 ml of acetonitrile, 5 ml of methanol (Sigma-Aldrich), and 5 ml of double-distilled water. The solution load took Ϸ40 Ð50 min under the slight vacuum, after which the cartridge was washed with a 30% (vol:vol) methanol/water solution (5 ml).
The insecticides were eluted from the SPE cartridge with 2 ml of methanol into a disposable culture tube (10 by 75 mm) (Thermo Fisher ScientiÞc, Waltham, MA), and 100 l of 13 C 3 -labeled atrazine (40 ng/ml) (Merck, Whitehouse Station, NJ) was added as an internal standard. The eluant was then evaporated to Ϸ200 Ð300 l at room temperature under a ßow of nitrogen over a period of 2 h. The concentrated solution was diluted to a Þnal volume of 1.1 ml with double-distilled water and Þltered with a syringeless Þlter HPLC vial (0.45-m pore size) (Whatman UNI-PREP, Florham Park, NJ).
The extracts were analyzed by reverse-phase highperformance liquid chromatography (HPLC)/tandem mass spectrometry (MS/MS) by using a Waters 2695 HPLC autosampler/pump coupled to a Finnegan LCQ (Thermo Fisher ScientiÞc) ion-trap mass spectrometer. HPLC separation was accomplished by use of a Luna C8 (5-m particle size) column (250 by 2 mm i.d.) (Phenomenex, Torrance, CA) and distilled water (A):methanol (0.1% formic acid) (B) mobile phase at a ßow rate of 0.3 ml/min. The mobile phase gradient was initially 80% A for 2 min followed by a nonlinear change to 80% B at 8 min. The gradient was held constant at 80% B until 20 min when the gradient was returned to the initial conditions and held for another 10 min to reequilibrate the column for a total run time of 30 min. The LCQ mass spectrometer was operated in atmospheric pressure chemical ionization (APCI) mode at 350ЊC with the capillary voltage and temperature set at 3 kV and 150ЊC, respectively. The daughter ion transition used for the detection of imidacloprid was m/z 256-Ͼ210 at 30% collision energy, whereas for thiamethoxam, the transition of m/z 292-Ͼ211 at 25% collision energy was used. The isolation February 2009 MAGALHAES ET AL.: NEONICOTINOID SEED TREATMENTS AND SOYBEAN APHIDwidth was 3 amu, and the activation time was 30 ms for both analytes. Statistical Analysis. The aphid counts in the Þeld experiment were analyzed as a repeated measure randomized complete block design (RCBD) using analysis of variance (ANOVA). The covariance model used for the repeated measure analysis was the Þrst-order antedependence model because the lowest AkaikeÕs Information Criteria was achieved using this structure. Once the treatment date interaction was signiÞcant (P Ͻ 0.05) by ANOVA, then Fisher protected least signiÞcant difference (LSD) was performed to identify differences among treatment means by date (P Ͻ 0.05) (PROC MIXED) (SAS Institute 2002). The soybean yield, number of seeds per gram, and plant samples parameters were analyzed as RCBD using one-way ANOVA. The aphid count in the insecticide metabolization experiment was analyzed as a complete randomized design. For all the analyses, the mixed model was used (PROC MIXED) (SAS Institute 2002).
Results

A. glycines Population Densities.
Although plots were artiÞcially infested with soybean aphids twice in 2005, the number of aphids per plant in every treatment was very low (Fig. 1A) . At 91 d after planting, there was a signiÞcant difference in mean number of aphids per plant between treatments (F ϭ 5.03; df ϭ 3, 9; P ϭ 0.0257). Aphids were more abundant in the imidacloprid treatment in 2005, 97 d after planting, reaching a peak of 46.5 aphids per plant. Aphid numbers throughout the season for every treatment were well below an average economic threshold (273 aphids per plant) (Ragsdale et al. 2007 ).
In 2006, aphid numbers were much higher than 2005 and two distinct peaks were observed at 71 and 94 d after planting (Fig. 1B) . The presence of two peaks could be related to very warm temperatures, higher than 32ЊC, between 74 and 84 d after planting, which drastically reduces nymph survival (Hirano et al. 1996) . The heat, combined with the presence of abun- Treatments included imidacloprid (Gaucho 480FS, Gustafson LLC) seed treatment at a rate of 62.5 g (AI)/100 kg seed; thiamethoxam (Cruiser 5FS, Syngenta Crop Protection) seed treatment at a rate of 50 g (AI)/100 kg seed; an untreated control; and an aphid-free treatment, foliar insecticide application -cyhalothrin (Warrior, Syngenta Crop Protection) at a rate of 0.028 kg (AI)/ha. Means with the same letter on a given date are not signiÞcantly different (P Ͻ 0.05, Fisher protected LSD). EIL and economic threshold, 674 and 273 aphids per plant, respectively (Ragsdale et al. 2007 ). dant natural enemies in 2006, mainly Orius sp. (Brosius et al. 2007) , may have been the cause of the population decline. This decline in aphid density was noted in other areas of the research farm (Svehla 2007) . In untreated plots, the mean number of aphids per plant was well above an average economic threshold and economic injury level (EIL) (674 aphids per plant) (Ragsdale et al. 2007 ), reaching almost 1,200 aphids per plant 94 d after planting. Imidacloprid signiÞcantly reduced aphid densities but not below the economic threshold. However, the mean aphid number per plant (632) was not above the EIL. In contrast, aphid densities remained below the economic threshold 100 d after planting in the thiamethoxam treatment. Two applications of -cyhalothrin (aphid-free treatment) kept treated plots almost free of soybean aphids.
Soybean Yield. There was no signiÞcant difference in yield among the treatments in 2005 (F ϭ 1.08; df ϭ 3, 9; P ϭ 0.405) (Table 1) . However, aphid injury signiÞcantly reduced yield in 2006. Yield was signiÞ-cantly lower for the untreated control than yields for other treatments (F ϭ 12.44; df ϭ 3, 9; P ϭ 0.0015) ( Table 1 ). There was a signiÞcant (17%) yield reduction in the control treatment compared with aphidfree treatment (P ϭ 0.0003, LSD). There were no signiÞcant differences in yield between the aphid-free treatment and the seed treatments. The aphid injury seemed to have affected yield by reducing individual seed weight (F ϭ 14.06; df ϭ 3, 9; P ϭ 0.0010) ( Table  1 ). There were signiÞcantly fewer seeds per gram for the aphid-free treatment than for the untreated control or seed treatments. There were signiÞcantly fewer seeds per gram for the seed treatments than for the untreated control. There was no signiÞcant difference between the number of seeds per gram between the seed treatments. There were no signiÞcant differences in the number of pods, number of seeds per pod, dry stem weight, and protein concentration between treatments (data not shown).
Insecticide Degradation in Soybean Plant. Imidacloprid and thiamethoxam signiÞcantly reduced aphid numbers on newly emerged leaves from leaf node 2Ð10 compared with control ( Fig. 2A) . Aphid numbers in untreated, newly emerged leaves reached Ͼ100 aphids per leaf in every node tested. Imidacloprid and thiamethoxam kept aphid numbers below 40 aphids per leaf. However, in 3-wk-old leaves, only thiamethoxam signiÞcantly reduced aphid densities (Fig.  2B) .
Spatial and Temporal Quantification of Insecticide Levels in Leaves. Thiamethoxam was detected in soybean leaves longer and at higher concentrations than imidacloprid (Table 2) . At node 1, 17 d after planting, thiamethoxam was found in leaves at a concentration of 105 ng/g leaf, approximately four-fold higher than imidacloprid (25.3 ng/g leaf). In general, the concentrations of both insecticides decreased as the leaf aged. The exception was imidacloprid at node 1, where the concentration increased from 25.3 to 33.3 ng/g leaf after 10 d (27 d after planting) and then quickly dropped after 13 d (40 d after planting) .
At node 2, the concentration of insecticide found on the leaves was 39 and 29.5 ng/g of leaf at 27 d after planting, thiamethoxam and imidacloprid, respectively. At node 4, thiamethoxam was detected at 3.5 ng/g of leaf, and imidacloprid was below the limit of detection at 40 d after planting.
Discussion
In this study, both imidacloprid and thiamethoxam seed treatments prevented yield losses. However, only thiamethoxam provided longer control and maintained soybean aphid densities below the average economic threshold (ET) of 273 aphids per plant (Ragsdale et al. 2007 ) throughout the growing season (Fig.  1B) . Indeed, using the recommended ET, the imidacloprid treatment would have required that a second soybean aphid control tactic be initiated. It should be noted that imidacloprid did maintain aphid numbers below the average EIL of 674 aphids per plant (Ragsdale et al. 2007 ). Thus, no yield reduction was observed in 2006 (the higher aphid year in our study) for thiamethoxam and imidacloprid compared with aphid-free treatment (Table 1) . Insecticidal seed treatments may delay or reduce the rate of soybean aphid population growth, which may allow more time for natural enemies to take action (Satoh et al. 1995) before the EIL is reached. Because of the reduced aphid population growth rate caused by an insecticidal seed treatment, aphid density may reach the ET but not the EIL. Further research to evaluate economic thresholds for soybean treated with insecticidal seed treatments and the contribution of natural enemies in controlling soybean aphids in insecticide seed treatments may be warranted.
Although soybean yields were not signiÞcantly different between the imidacloprid and thiamethoxam seed treatments and the aphid-free control, both seed treatments resulted in lighter seeds than the aphidfree treatment. Soybean aphid impairs photosynthesis even at very low numbers (20 aphids per leaßet) (Macedo et al. 2003) , which may reduce the translocation of nutrients necessary for pod and seed formation. As a result, soybean aphid may cause subtle impacts that are not always measured by yield differences.
Comparable control results have been shown in snap bean for potato leafhopper, Empoasca fabae Soybean seeds per gram was based on sampling 10 neighboring plants. From these plants, a seed sample was taken and placed in a 350-ml cup and automatically counted.
a Means in the columns followed by a different letter are signiÞ-cantly different (P Ͻ 0.05; FisherÕs protected LSD).
(Harris), infestation by Nault et al. (2004) who observed that lower rates of thiamethoxam provided more consistent and longer control than imidacloprid throughout the entire study. This control was observed despite the near absence of these insecticides in plant tissues 3Ð 4 wk after planting. Longer thiamethoxam residual effects relative to imidacloprid have also been observed under laboratory conditions against a number of different insect orders (MaienÞsch et al. 2001a) . Similar results were documented with the same insecticides applied through the irrigation system for citrus trees, where thiamethoxam controlled glassy-winged sharpshooter, Homalodisca vitripennis (Germar), nymphs better than imidacloprid (Castle et al. 2005) .
Thiamethoxam is a second generation neonicotinoid with water solubility of 4.1 g/liter (MaienÞsch et al. 2001b ). Although imidacloprid is less water soluble (0.51 g/liter) than thiamethoxam, water solubility may not be the only reason for the higher soybean aphid densities observed under Þeld conditions. LC 50 and EC 50 values for soybean aphids placed on excised soybean leaves immersed in thiamethoxam and imidacloprid solutions were not signiÞcantly different Fig. 2 . Number of aphids per leaf (mean Ϯ SEM; n ϭ 4) in newly emerged leaves (A) and 3-wk-old leaves (B). Leaves were removed from the plants and transferred to Þve ml tubes in trays, which 25 aphids were placed on top. Aphids were evaluated 1 wk later. Treatments included imidacloprid (Gaucho 480FS, Gustafson LLC) seed treatment at a rate of 62.5 g (AI)/100 kg seed; thiamethoxam (Cruiser 5FS, Syngenta Crop Protection) seed treatment at a rate of 50 g (AI)/100 kg seed; and an untreated control. Seeds were planted in pots with a soil mix and kept in a greenhouse. Bars with an asterisk (*) differ signiÞcantly with the untreated control (P Յ 0.05, Fisher protected LSD). Soybean vegetative stage is indicated in parentheses. Concentrations were determined by performing a reverse-phase HPLC/MS/MS. Each mean represents a pool concentration of at least 12 leaves from speciÞc nodes.
a dap, days after planting. b Below limit of detection. (Magalhaes et al. 2008 ). In the current study, water was not limiting because plots were irrigated, so there are likely factors other than translocation differences contributing to the differences observed in yield and the number of aphids per plant between the treatments.
Results from the insecticide degradation study indicated imidacloprid may be metabolized faster in the plant, which may have contributed to the differences observed in Þeld performance. Insecticide movement in the plant is mainly via xylem toward leaves (MaienÞsch et al. 2001b, Weichel and . Thus, as long as there is enough insecticide to be taken up by the plants, new leaves should be protected from pest herbivores. In the insecticide degradation study, new leaves from imidacloprid and thiamethoxam treated plants had signiÞcantly fewer aphids throughout the entire duration of the study (through soybean stage V11) ( Fig. 2A) . In contrast, only the 3-wk-old leaves from thiamethoxam-treated plants had signiÞcantly reduced aphid numbers (Fig. 2B) , which suggests faster imidacloprid metabolism in the plant.
The higher levels of aphid control by thiamethoxam than imidacloprid that were observed in the Þeld and insecticide degradation studies were reßected in the higher concentrations of thiamethoxam measured in the leaves ( Table 2) . As the plant grows, less insecticide is available in the soil. Because these insecticides are mainly translocated via xylem, once they are taken up by a leaf, they are not translocated in the plant to new leaves. As a result, imidacloprid and thiamethoxam were present at higher concentrations in older leaves and decreased in newer leaves as they were produced. However, thiamethoxam was detected at higher levels and for a longer time, which supports the hypothesis that imidacloprid may be metabolized faster in the plant. Neonicotinoid metabolites can be as toxic or more toxic than the parent compound (Nauen et al. 1998, Nauen and Elbert 2003) ; however, a wide MS/MS range scan did not identify additional signiÞcant peaks different from untreated leaves, and speciÞc known metabolites were not detected. Thus, the metabolites probably were present at concentrations below our limit of detection and did not signiÞcantly impact soybean aphid populations in the Þeld.
The soil mix used in the greenhouse study did not represent the biological and mineral composition found in the Þeld experiment. The soil used was sterile and very light, sandy, and porous. Under Þeld conditions, where microorganisms and insecticidesoil interactions are present, both insecticides would likely be degraded faster, and the reduction in aphid mortality would be observed earlier in the Þeld than in the greenhouse study (stage V11), as has been reported previously (McCornack and Ragsdale 2006) .
Another hypothesis for the efÞcacy differences observed could be an insecticideÐsoil interaction. It is common for herbicide efÞcacy to vary with different soil physical and biological characteristics (Pedersen et al. 1995 , Cupples et al. 2000 . Imidacloprid may be absorbed more tightly to soil particles and/or degraded faster by microorganisms than thiamethoxam. Such differences would reduce insecticide availability in the soil.
Although seed treatments may be efÞcient in reducing soybean aphid populations and preventing yield loss under certain conditions, their use should be carefully considered. The soybean aphid control reported here has not been consistent with other studies. Neither McCornack and Ragsdale (2006) in Minnesota or Johnson et al. (2008) in Iowa observed satisfactory aphid control or yield protection by using neonicotinoid seed treatments. It is important to note that although the number of aphids per plant in the untreated plots in this study was well above EIL, this infestation could be considered moderate, as Ͼ3,000 aphids per plant have been recorded in Nebraska and elsewhere (DiFonzo and Hines 2002) . Under higher aphid pressures, seed treatments may be overwhelmed and further control tactics would be necessary. Moreover, the soybean in our study was planted during the later half of the typical Nebraska soybean planting window. Earlier planted soybean would have even lower insecticide titer, which would likely have resulted in increased aphid pressure in treated plots. Furthermore, the soybean plots in Minnesota and Iowa were not irrigated. Irrigation or adequate rain may enhance insecticide uptake by soybean plants, increasing protection against pests. Seed treatments performance under dry or drought conditions should be further evaluated.
Thus far, soybean aphid outbreaks have been unpredictable in any given Þeld, which reduces a farmerÕs ability to make a conÞdent decision in using this preventive treatment. In Nebraska, soybean aphid occurrence is even more unpredictable and generally occurs at lower densities than observed in more northern and eastern soybean production areas. Furthermore, a single foliar insecticide application has been shown to adequately prevent signiÞcant yield loss (Myers et al. 2005a) . Therefore, NE soybean farmers would likely receive more consistent economic return by scouting Þelds and applying foliar insecticides only when necessary as indicated by economic thresholds.
